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Objective: The purpose of this study was to explore the influence of positive fluid balance on 
cardiovascular complications after thoracotomy for noncancer lesions. 

Methods: After approval from an institutional review board, a retrospective cohort study was 
conducted. All consecutive patients undergoing thoracotomy between January 1, 2005 and 
December 3 1 , 20 1 1 in a single medical center were recruited. The primary outcome of the study 
was the incidence of cardiovascular complications, which were defined as cardiac arrhythmia, 
cardiac arrest, heart failure, myocardial ischemia, and pulmonary embolism. Univariable and 
multivariable risk regression analyses were used to evaluate the association between positive 
fluid balance and cardiovascular complications. 

Results: A total of 720 patients were included in this study. The incidence of cardiovascular 
complications after thoracotomy for noncancer lesions was 6.7% (48 of 720). Patients with posi- 
tive fluid balance >2,000 mL had a significantly higher incidence of cardiovascular complica- 
tions than those with positive fluid balance ^2,000 mL (22.2% versus 7.0%, P=0.005). Cardiac 
arrhythmias were the most common complication. Univariable risk regression showed that 
positive fluid balance >2,000 mL was a significant risk factor (risk ratio =3.15, 95% confident 
interval [CI] =1 .44-6.90, P-value =0.004). After adjustment for all potential confounding vari- 
ables during multivariable risk regression analysis, positive fluid balance >2,000 mL remained 
a strong risk factor for cardiovascular complications (risk ratio =2.18, 95% CI =1.36-3.51, 
P-value =0.001). Causes of positive fluid balance >2,000 mL included excessive hemorrhage 
(48%), hypotension without excessive hemorrhage (29.6%), and liberal fluid administration 
(22.4%). 

Conclusion: Positive fluid balance was a significant risk factor for cardiovascular complications. 
Strategies to minimize positive fluid balance during surgery for patients at high risk of car- 
diovascular complications include preparing adequate blood and blood products, considering 
appropriate hemoglobin level as a transfusion trigger, and adjusting the optimal dose of local 
anesthetic for intraoperative thoracic epidural analgesia. 

Keywords: cardiac arrhythmias, cardiac arrest, heart failure, myocardial ischemia, hemorrhage 

Introduction 

The incidence of cardiovascular complications after thoracic surgery varies among 
studies, and cardiovascular complications occur in 7%-30% of thoracic patients fol- 
lowing surgery. 1 " 5 These complications not only increase medical costs and prolong 
hospital stays but also increase the risk of perioperative morbidity and mortality. 6 - 7 Most 
studies of postoperative cardiovascular complications have been done in lung cancer 
patients, while a large series of patients with noncancer lesions has not been investi- 
gated. Thoracic surgery for noncancer lesions is common in most developing countries. 
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There are differences in the pathophysiology of the disease, 
patient conditions, and risks of surgery between thoracic 
patients with cancer and noncancer lesions. Previous studies 
have shown an association between the amount of periopera- 
tive fluid administration and perioperative morbidity and mor- 
tality after thoracic surgery. 1 ' 3 ' 8 " 10 Perioperative positive fluid 
balance (PFB) significantly increases the risk of postoperative 
pulmonary complications after thoracic surgery; 1011 however, 
the influence of this factor on postoperative cardiovascular 
complications has not been clearly demonstrated. 1011 Our 
previous study showed that perioperative PFB >2,000 mL 
was one of the significant risk factors for cardiovascular 
complications after thoracic surgery. 12 The purpose of this 
study was to explore the influence of PFB on cardiovascular 
complications after thoracotomy for noncancer lesions. 

Materials and methods 

The present study was approved by the Institutional Review 
Board at the Faculty of Medicine, Chiang Mai University. 
Prospectively collected data for adult patients undergoing non- 
cardiac thoracic surgery for noncancer lesions from January 1 , 
2005 through December 3 1 , 20 1 1 in a tertiary medical center 
were included. Patients 1 8 years of age and older who had 
undergone thoracotomy were included. If patients had had 
more than one thoracic operation, only the cardiovascular 
events occurring during the first operation were included. 
Patients having thoracic injury and patients undergoing tho- 
racic spine surgery were excluded from the study. 

Noncancer lesions included the following benign intratho- 
racic diseases: hamartoma, bronchogenic cyst, pulmonary 
sequestration, bullous disease, bronchiectasis, lung abscess, 
aspergilloma, and empyema thoracis. 

The primary outcome was the incidence of cardiovascular 
complications after thoracotomy. Cardiovascular complica- 
tions included cardiac arrhythmias, pulmonary embolism, 
myocardial infarction, cardiac arrest, and congestive heart 
failure. Arrhythmias were defined as new onset of postopera- 
tive arrhythmias confirmed by 12-lead electrocardiography. 
Pulmonary embolism was diagnosed according to clinical 
manifestations including hypoxemia, cardiovascular col- 
lapse, or death. Pulmonary embolism was confirmed by 
computed tomography angiography or a ventilation/perfusion 
radioisotope scan. 3 Myocardial infarction was defined as 
a new Q wave on the electrocardiogram, a positive stress 
test, evidence of coronary artery stenosis as indicated by 
the coronary angiogram, or an increase in either the serum 
creatine kinase MB or troponin I level. 13 Cardiac arrest was 
defined as an event requiring cardiopulmonary resuscitation 



including closed chest cardiac compression. Heart failure was 
diagnosed by signs or symptoms of pulmonary congestion 
(shortness of breath), signs of right or left heart failure (car- 
diomegaly, jugular venous distension, and peripheral edema), 
and abnormal changes of chest radiography. 13 

All electronic medical records, anesthetic records, and 
daily medical progress notes recorded by attending anes- 
thesiologists, surgeons, and nurses of all eligible patients 
were reviewed independently by two peer reviewers. Any 
disagreement was further discussed to achieve a consensus. 
Details of pre-anesthetic conditions, anesthetic management, 
intraoperative events, and perioperative complications dur- 
ing hospitalization of all thoracic patients were extracted. 
Demographic data included age, sex, body mass index, Amer- 
ican Society of Anesthesiologists classification, preexisting 
coronary artery disease, and other comorbidities. Operative 
details included type of operation, type of operative approach, 
side of operation, type(s) of noncancer lesion(s), and duration 
of surgery. Anesthetic details included presence of central 
venous pressure monitoring, intraoperative hypotension, the 
use of vasopressor drugs (including ephedrine, dopamine, 
epinephrine, and norepinephrine), amount of blood loss, type 
of blood transfusion (packed red cell, fresh frozen plasma, or 
platelets), amount of fluid, blood and blood products adminis- 
tration, and PFB ([amount of crystalloids + colloids + packed 
red cell + plasma + platelets] - [blood loss + urine output]) 
during the operation and within the first 2 hours in the 
postanesthesia care unit or intensive care unit. Patients 
with PFB were further categorized into PFB >2,000 mL 
and ^2,000 mL. Intraoperative hypotension was defined as 
systolic blood pressure <80 mmHg or mean arterial pres- 
sure <60 mmHg for more than 15 minutes. 14 Excessive 
hemorrhage was defined as blood loss > 1,000 mL. 

Data collection and analysis 

All relevant data were extracted and recorded twice and ana- 
lyzed using Stata software (version 1 1 .0; StataCorp LP, College 
Station, TX, USA). Demographic data between patients with 
and without cardiovascular complications were described and 
compared using the appropriate statistical tests. Categorical 
data were presented as number and percent, and continuous 
data were presented as mean and standard deviation or median 
and interquartile range where appropriate. Categorical vari- 
ables were analyzed using Fisher's exact test. Unpaired Mest or 
Wilcoxon rank sum test was used to compare continuous data 
depending on their distribution. Multivariable binary regres- 
sion was used to evaluate the association between positive 
fluid balance and postoperative cardiovascular complications 
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controlling for other potential confounding factors. 15 The 
criterion for choosing covariates to be included in the model 
for multivariable analysis was a P-value <0.2 according to 
univariable risk regression analysis (infection versus non- 
infection, parenchymal versus nonparenchymal resection, 
duration of surgery > 1 80 versus ^ 1 80 minutes, intraoperative 
hypotension, PFB >2,000 mL versus ^2,000 mL) and/or any 
covariates influencing both PFB and cardiovascular complica- 
tions (advanced age, diabetes mellitus, coronary heart disease). 
A P-value <0.05 was considered statistically significant. 
Cut-off points of the independent variables such as age (^55 
versus >55 years), duration of surgery (< 180 minutes versus 
>180 minutes) and PFB (<2,000 versus >2,000 mL) were 
estimated by the method of maximum likelihood in order to 
achieve the best discrimination between patients with and 
without cardiovascular complications. 15 Assuming a baseline 
frequency of cardiovascular complications of 6% in unexposed 
patients, the estimated sample size required to detect a relative 
risk of 3 for cardiovascular complications after thoracotomy 
with exposure to PFB >2,000 mL was 155 patients with an 
accepted a error of 5% and a power of 90%. 

Results 

A total of 720 patients were included over the seven years of the 
study period. The overall incidence of cardiovascular compli- 
cations after thoracotomy was 6.7% (48 of 720). Eight patients 
experienced more than one cardiovascular complication 
(1.1%). The present study found that there was no significant 
difference of amount of total fluid administration between 
thoracic patients with and without cardiovascular complica- 
tions after thoracotomy (1,375 ml [600-2,135] versus 1,100 
ml [650-1 ,800] , P=0. 151), whereas patients experiencing car- 
diovascular complications had a significantly higher degree of 
PFB than those without cardiovascular complications ([907.5 
ml {325-1,425} versus 640ml {250-1, 110},P=0.035]). The 
incidence of cardiovascular complications in patients with 
negative fluid balance, PFB <2,000 mL, and PFB >2,000 
was 9.1%, (1 of 1 1), 7.0% (31 of 440), and 22.2% (6 of 27), 
respectively. The incidence of cardiovascular complications 
in patients with PFB >2,000 mL was significantly higher 
than the incidence among patients with PFB <2,000 mL 
(P=0.005). Patients with PFB >2,000 mL had a higher inten- 
sive care unit admission rate than those with PFB <2,000 mL 
(59.0% versus 19.3%, P<0.001), whereas the median (IQR) 
length of hospital stay between groups was not significantly 
different (9 [6-13] versus 8 [5-13] days, P=0.645). Cardiac 
arrhythmias were the most common cardiovascular compli- 
cation. The incidence of cardiac arrhythmias in patients with 



PFB >2,000 mL was significantly higher than the incidence 
in those with PFB <2,000 mL (14.8% versus 4. 1%, P=0.01 1). 
Cardiac arrhythmias included atrial fibrillation (AF) ( 1 8 of 24, 
76%), premature ventricular contraction (4 of 24, 16%), and 
bradycardia (2 of 24, 8%). Baseline characteristics, operative 
data, and anesthetic details classified by PFB are presented in 
Table 1 . Frequencies of parenchymal resection, duration of 
surgery > 1 80 minutes, and intraoperative hypotension among 
patients with PFB >2,000 mL were significantly higher than 
among those with PFB <2,000 mL. Eight of 27 patients 
(30%) with PFB >2,000 mL had had central venous pressure 
monitoring during the intraoperative period. 

The results of the univariable risk regression showed 
that age >55 years, diabetes mellitus, coronary heart dis- 
ease, infectious lesions, duration of surgery > 180 minutes, 
intraoperative hypotension, and PFB >2,000 mL increased 
postoperative cardiovascular complications in patients with 
noncancer lesions (Table 2). After adjustment for all potential 
confounders in the multivariable analysis, the results showed 
that PFB >2,000 mL was an independent risk factor (risk 
ratio =2.18; 95% confidence interval, 1.36-3.51; P=0.001) 
(Table 3). 

Patients with PFB >2,000 mL received significantly 
higher volumes of crystalloid colloids, packed red cells, fresh 
frozen plasma, and platelets than those with PFB <2,000 mL. 
These patients also had a higher incidence of intraoperative 
blood loss > 1,000 mL than patients with PFB <2,000 mL 
(Table 4). Among patients with PFB >2,000 mL, six patients 
(22.3%) and 1 1 patients (40.7%) had intraoperative blood loss 
of 500-1,000 mL and > 1,000 mL, respectively. Causes of 
PFB >2,000 mL were excessive hemorrhage (13 of 27, 48%), 
hypotension without excessive hemorrhage (8 of 27, 29.6%), 
and liberal fluid administration (6 of 27, 22.4%) (Table 5). 
Eighteen percent (5 of 27) of patients with PFB >2,000 mL 
developed intraoperative hypotension and required vaso- 
pressors during the intraoperative period to maintain blood 
pressure. 

Discussion 

Several studies have hypothesized that there is an associa- 
tion between the amount of fluid administration and car- 
diovascular complications after pulmonary resection. 13 ' 8 " 10 
However, only the study by Patel et al 8 concluded that an 
administration of perioperative fluid >3,000 mL during 
the first 24 hours after pneumonectomy increased the 
incidence of AF. Previous studies have also demonstrated 
the relationship between PFB and cardiovascular complica- 
tions after cardiothoracic surgery. 1116 Wei et al concluded 
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Table I Patient characteristics and operative and anesthetic data 



that an average cumulative PFB of 2,750+1,361 mL on 
postoperative day 2 after esophageal surgery increased the 
incidence of cardiac arrhythmias and heart failure. 11 Kalus 
et al found that patients with AF had a significantly greater 
amount of net fluid balance on postoperative day 2 after 
cardiothoracic surgery than those without AF (52+ 1 ,032 mL 
versus -408+1,081 mL). 16 However, Moller et al reported 
that PFB >4,000 mL during anesthesia following pneumo- 
nectomy did not increase the risk of cardiac arrhythmias. 10 



Positive fluid balance P-value 
<2,000 mL (n=44l) 



5 1 .5+1 6.2 0.538 
251 (57.0%) 
190 (43.0%) 

0.419 

I 12 (25.6%) 
328 (74.4%) 

20.5±3.7 0.275 

0.783 

49 (I 1.1%) 
249 (56.5%) 
143 (32.4%) 

0.089 

348 (79.0%) 
92 (21.0%) 

0.340 

380 (86.2%) 
61 (13.8%) 

0.468 

387 (88.0%) 
53 (12.0%) 

0.566 

429 (98.0%) 
9 (2.0%) 

I 1 .5+2.0 0.346 

0.640 

217 (49.2%) 
223 (50.8%) 

0.807 

107 (24.3%) 
324 (75.7%) 

<0.00l 

I 10 (25.0%) 
331 (75.0%) 

1 3 1 .0+6 1 .7 <0.00l 
362 (82.0%) 
79 (18.0%) 

<0.00l 

419 (95.0%) 
22 (5.0%) 



The association of fluid and cardiovascular complications 
among studies focused on two main aspects: total amount 
of fluid administration and degree of PFB. Timing of the 
assessment of cardiovascular complications differed among 
studies, conducted, for example, during anesthesia or at 24 
or 48 hours after the surgery. No current evidence supports 
whether the amount of fluid or PFB is the more important 
factor. However, results of most studies have shown that a 
higher amount of fluid intake or higher PFB accompanies 



Parameters Positive fluid balance 

>2,000 mL (n=27) 



Demographic data 

Age (years), mean ± SD 49.5± 1 3.9 

<55,n(%) 17(63.0%) 

>55, n(%) 10(37.0%) 

Sex, n (%) 

Female 5(18.5%) 

Male 22(81.5%) 

Body mass index (kg/m 2 ), mean ± SD I9.4±3.4 

ASA classification, n, % 

1 2 (7.4%) 

2 15(55.6%) 

3 10(37.0%) 
Comorbidity 

Hypertension, n, % 

No 25 (92.6%) 

Yes 2 (7.4%) 

Diabetes mellitus, n, % 

No 25 (92.6%) 

Yes 2 (7.4%) 

Renal disease, n, % 

No 25 (92.6%) 

Yes 2 (7.4%) 

Coronary artery disease, n, % 

No 26 (96.3%) 

Yes I (3.7%) 

Preoperative hemoglobin (g/dL), mean ± SD I 1. 1 ±2.0 
Operative details 

Surgical conditions, n, % 

Elective surgery 12(44.4%) 

Emergency surgery 15 (55.6%) 

Type of lesions, n, % 

Non-infection 6 (22.2%) 

Infection 21 (77.8%) 

Type of operations, n, % 

Parenchymal resection I I (40.7%) 

Nonparenchymal resection 1 6 (59.3%) 

Duration of surgery (min), mean ± SD 21 6.7±80.5 

< 180, n, % 9(34.6%) 

>I80, n,% 17(65.4%) 

Intraoperative hypotension, n, % 

No 20 (74.0%) 

Yes 7(16.0%) 



Abbreviations: ASA, American Society of Anesthesiologists classification; min, minutes; SD, standard deviation. 



submit your manuscript | www.dovepress.com 

Dovepress 



Risk Management and Healthcare Policy 2014:7 



Dovepress 



Association of positive fluid balance and cardiovascular complications 



Table 2 Univariable risk regression of postoperative cardio- 
vascular complications 



Parameters 


Risk ratio 


95% CI 


P-value 


Demographic data 








Age >SS versus <SS years 


3.15 


1.68-5.88 


<0.00l 


Comorbidity 








Hypertension 


1.67 


0.90-3.08 


0.101 


Diabetes mellitus 


1.86 


0.94-3.69 


0.077 


Renal diseases 


1.79 


0.87-3.67 


0.1 12 


Coronary artery disease 


6.45 


3.14-13.22 


<0.00l 


Infection versus noninfection 


1.13 


0.55-2.3 1 


0.733 


Operative details 








Type of operation 








Parenchymal resection versus 


1.32 


0.71-2.45 


0.375 


nonparenchymal resection 








Duration of surgery > 1 80 


2.62 


1.44-4.75 


0.002 


versus <I80 minutes 








Anesthetic details 








Intraoperative hypotension 


3.50 


1.77-6.93 


<0.00l 


Positive fluid balance >2,000 


3.15 


1.44-6.90 


0.004 


versus <2,000 mi- 









Abbreviation: CI, confidence interval. 

a higher incidence of postoperative cardiovascular 
complications. The present study found that PFB was 
superior to the total amount of fluid intake as a risk factor 
for postoperative cardiovascular complications because it 
reflected the balance between fluid intake and output of an 
individual patient. This study also demonstrated that PFB 
>2,000 mL was an independent risk factor for cardiovas- 
cular complications, with a risk ratio of 2.2. 

The current study found that 85% (23 of 27) of patients 
with PFB >2,000 mL received a relatively large amount of 



Table 3 Multivariable risk regression of postoperative cardio- 
vascular complications 



Parameters 


Risk ratio 


95% CI 


P-value 


Demographic data 








Age >55 versus <55 years 


3.41 


1.94-5.98 


<0.00l 


Co-morbidity 








Hypertension 


0.74 


0.37-1.49 


0.402 


Diabetes mellitus 


2.36 


1.41-3.96 


0.001 


Renal diseases 


1.13 


0.56-2.30 


0.727 


Coronary artery disease 


4.62 


2.22-9.59 


<0.00l 


Operative details 








Duration of surgery > 1 80 


2.42 


1.21—4.85 


0.012 


versus <I80 minutes 








Parenchymal versus non- 


1.19 


0.60-2.37 


0.615 


parenchymal resection 








Anesthetic details 








Intraoperative hypotension 


3.1 1 


1.79-5.42 


<0.00l 


Positive fluid balance >2,000 


2.18 


1.36-3.51 


0.001 


versus <2,000 mL 









Abbreviation: CI, confidence interval. 



perioperative fluid replacement, which ranged between 3,000 
and 9,800 mL over a short period during anesthesia (average 
4 hours), and 22% of these patients developed postopera- 
tive cardiovascular complications. According to Starling's 
myocardial performance curve, an increase in cardiac filling 
pressure by fluid loading can increase myocardial function 
and cardiac output. However, if left ventricular end-diastolic 
volume increases beyond particular points, this could depress 
myocardial function, decrease cardiac output, and increase 
postoperative cardiac morbidity. 17 In animal studies, exces- 
sive fluid administration could increase intravascular volume 
and subsequently atrial pressure as well as increase the 
incidence of AF. 18,19 In addition, releasing atrial stretch could 
completely reverse the AF. 18-20 Although several other risk 
factors for cardiac arrhythmias after thoracic surgery have 
been described PFB is frequently encountered. Avoidance 
of excessive fluid administration could help to minimize the 
occurrence of cardiac arrhythmias. 

Previous studies have shown that several comorbidities 
such as hypertension, diabetes mellitus, coronary artery dis- 
ease, pulmonary disease, and renal impairment increased the 
incidence of perioperative cardiac morbidity and mortality. 21 
Hypertension in patients is often associated with left ven- 
tricular hypertrophy. Such patients are prone to develop 
intraoperative hypotension and have an increased risk of 
myocardial ischemia. 22 Our previous study demonstrated that 
diabetes mellitus and coronary artery disease were significant 
independent risk factors for cardiovascular complications 
after thoracic surgery. 12 In addition, patients with diabetes 
mellitus and coronary artery disease are at increased risk of 
myocardial ischemia, congestive heart failure, or death after 
noncardiac surgery. 2123 - 24 The use of functional hemodynamic 
monitoring as well as invasive hemodynamic monitoring 
(such as central venous pressure, pulmonary artery catheters, 
or transesophageal echocardiography) are recommended 
particularly in high risk patients. 2122 These devices are 
helpful in estimating volume status and optimizing fluid 
administration; hence, unnecessary and harmful PFB could 
be avoided. Furthermore, a surgical intensive care unit or 
high dependency ward should be provided for improving 
postoperative medical surveillance. 

Several studies proposed that thoracic surgery for 
chronic infection was a risk for massive hemorrhage. 25 ' 26 
Chronic inflammation and infection can promote severe 
pleural adhesions, adhesions around major vessels, 
or hypervascularization. 25 26 Sometimes, surgery in these 
conditions is difficult to perform, consumes a long opera- 
tion time, causes extensive blood loss, and increases the 
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Table 4 Amount of fluid intake and blood 


components classified by positive fluid balance 




Fluid intake and output 


1 U3ILI VC IIUIU UalallLC 

>2,000 mL (n=27) 


Pr»cii"!vf» fluid h^lanrp 

1 UjILIVC IIUIU UalallLC 

<2,000 mL (n=544) 


P-value 


Total fluid intake (ml_), mdn (IQR) 


a ion ii cnn c nnn\ 
4,ZoU (^j.jUU— d.UUU) 


i i cn /zcn i Qnn\ 
1 , 1 jU (ojU— I,oUU) 


<0.00l 


Crystalloid 


i nnn c\ inn i , 3cn\ 
j.UUU (Z,ZUU— j.jdU) 


onn /con i icn\ 
7UU (boU— 1 ,5b\J) 


<0.00l 


Colloids 


i nnn /n i "7nn\ 
1 ,U00 (U— 1 ,/UO) 


0 


<0 00 1 


1 clC IVGU 1 CU U 1 \jKJ U LCII 1 1 1 1 L_ J 


530 (0-800) 


0 


.- o nn 1 


\J UIIILS, 11 l/o| 


10 (37.0%) 


459 (84.3%) 




1 — J UMI Li, II \ /O J 


1 2 (44.4%) 


81 (15.0%) 




units, n \/oj 


5 ( 1 O.OA) 


4 (0.7%) 




FrPQn frr\7(^r\ nla^ma Im 1 mnn lliJRl 

1 1 Col 1 II UZ.CI 1 L* laj Ilia 1 1 1 1 LI M 1 U 1 1 II v^M\ I 


n ic\ i on\ 
U (U— \7\J) 


a 
U 


< n nn i 


0 units 


20 (74.0%) 


Pnl IC\f AO/\ 

523 (96.0%) 




1—3 units 


"3/11 n°/\ 

J \ \ \ \}/o) 


1 A /~) 7°/\ 
1 n ^Z.//o) 




^>3 units 


4 / 1 c no/\ 


7 n 

/ yi .j/o) 




Platelets (mL), mdn (IQR) 


-ion nnn 

ZOU ^ZUU— jOUJ 


0 
u 


<0.00l 


0 units, n (%) 


T C /QT Z°/\ 

Zj (7Z.o/oJ 


qaa 1 1 nn n°/\ 

Mi ( 1 UU.U/o) 


<0.00l 


1-3 units, n (%) 


a 
U 


A 
U 




>3 units, n (%) 


2 (7 4%) 


Q 




Intraoperative blood loss (mL), mdn (IQR) 


800 (400-1,500) 


200 (100-300) 


<0.00l 


<S00, n (%) 


10(37.0%) 


452 (83.0%) 




500-1,000, n (%) 


6 (22.3%) 


76 (14.0%) 




> 1,000, n (%) 


1 1 (40.7%) 


16 (3.0%) 




Urine output (mL), mdn (IQR) 


420 (180-900) 


200 (100-375) 


0.001 



Abbreviations: mdn, median; IQR, interquartile range. 



opportunity for blood transfusion. 4 The results of our study 
showed that the most common cause of PFB >2,000 mL 
was related to excessive hemorrhage during surgery. After 
careful review, the authors found that in cases of excessive 
hemorrhage, two main contributing factors for patients 
receiving PFB >2,000 mL were delayed blood transfusion 
and inadequate preparation of blood and blood products. 
The causes of delayed blood transfusion were inappropriate 
preoperative blood preparation and inappropriate criteria 
for transfusion triggers before starting blood transfusion. 
According to our hospital practices, preoperative blood 
typing and screening are implemented for most scheduled 
surgical procedures to reduce the cost of unnecessary full 
crossmatched blood. Therefore, patients could not receive 
blood transfusion promptly at the time of unexpected 
excessive hemorrhage. Large amounts of crystalloid and 
colloid solutions were used initially for fluid resuscita- 
tion and to maintain hemodynamic stability. In addition, 
crystalloid solution was administered in a volume triple 
that of any blood loss. Furthermore, inadequate blood and 



Table 5 Causes of positive fluid balance 


Causes 


n(%) 


Excessive hemorrhage 


13 (48.0%) 


Hypotension without evidence of significant hemorrhage 


8 (29.6%) 


Liberal fluid administration 


6 (22.4%) 



blood product preparation was due to underestimating the 
blood loss for specific types of surgery. The findings of this 
study should increase awareness of surgical team personnel 
regarding blood and blood product preparation. An adequate 
amount of fully crossmatched blood and blood products 
should be prepared preoperatively in surgery for chronic 
infection such as empyema thoracis, aspergilloma, and 
tuberculosis. Furthermore, the optimal hemoglobin transfu- 
sion trigger for individual patients should be discussed pre- 
operatively, particularly in the case of elderly patients and 
patients with poor cardiac or pulmonary reserve. Although 
the main indication of intraoperative blood transfusion is 
excessive blood loss, transfusion is also given for other 
reasons. Blood transfusion is given to improve oxygen 
delivery in patients with preoperative anemia and correct 
coagulation defects. In addition, blood and blood products 
are sometimes given inappropriately due to an overestimated 
intraoperative blood loss. The indications for perioperative 
blood transfusion should be based on several criteria such 
as signs of inadequate tissue oxygenation, cardiopulmonary 
reserve, comorbidity, extent of blood loss, and level of 
intraoperative hemoglobin. 27 A clinical practice guideline 
for blood transfusions should be hospital policy-based, 
developed and considered carefully by all medical experts 
to minimize risks of blood transfusion and medical costs 
due to inappropriate blood transfusions. For patients with 
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cardiovascular risk factors or those having surgery with 
a high risk of bleeding, the use of intraoperative hemody- 
namic monitoring is helpful in diagnosing the causes of 
hypotension, assessing cardiac contractility, or guiding fluid 
administration. Currently, controversies exist concerning 
the reliability of static parameters of cardiac preload such 
as central venous pressure or pulmonary artery occlusion 
pressure monitoring in fluid management. Previous studies 
have shown that the use of dynamic parameters of cardiac 
preload for optimization of intraoperative fluid manage- 
ment could reduce morbidity. 28 - 29 In addition, many studies 
have suggested that dynamic parameters of cardiac preload 
such as stroke volume variation or pulse pressure variation 
are more reliable predictors of fluid responsiveness during 
major surgery than static parameters. 28,30 Furthermore, Lee 
et al demonstrated that pulse pressure variation was a good 
predictor of fluid responsiveness during one-lung ventilation 
for thoracic surgery. 31 A randomized controlled trial demon- 
strated that the use of stroke volume variation monitoring 
could significantly reduce intraoperative fluid replacement 
during one-lung ventilation compared with conventional 
fluid management. 29 However, more studies are required to 
demonstrate the advantage of dynamic parameters during 
open chest conditions and one-lung ventilation. 

Hypotension without evidence of excessive hemorrhage 
was the second most common cause of patients experiencing 
PFB >2,000 mL. Two prospective cohort studies concluded 
that intraoperative hypotension significantly increased 
the risk of postoperative myocardial ischemia and heart 
failure. 14 - 32 Although thoracic epidural analgesia provides 
an effective analgesia for thoracic surgery, this technique 
carries a risk of significant hypotension. The results of 
our study also showed that intraoperative hypotension 
occurred in patients receiving thoracic epidural analgesia 
even in the case of blood loss <500 mL. Administration of 
fluid was used to correct various degrees of hypotension. 
Decision making should be careful in order to outweigh 
the benefit of thoracic epidural analgesia during intropera- 
tive period over the incidence of hypotension. The use of 
thoracic epidural analgesia during intraoperative period 
should be administered with caution in order to minimize 
an incidence of hypotension. The effect of central neural 
blockade due to thoracic epidural analgesia could enhance 
the intensity of hypotension caused by general anesthesia, 
particularly in hypovolemic patients or patients with signifi- 
cant hemorrhage. To reduce an excessive amount of fluid 
administration during thoracotomy, vasopressors should be 
considered during the perioperative period for maintaining 



hemodynamic stability, particularly in patients with a high 
risk of cardiovascular complications. 33 Intraoperative 
analgesia could be managed by using intravenous opioids, 
and thoracic epidural analgesia should be started after 
surgery. If thoracic epidural analgesia is used during the 
intraoperative period, the dose of local anesthetic agents 
should be reduced or adjusted as appropriate. 

In our study, we found that excessive fluid administra- 
tion was another cause of PFB >2,000 mL. Our institute is 
also a training center for anesthesiologists, physicians, and 
nurses. Some possible explanations for excessive fluid admin- 
istration include trainee lack of knowledge, inexperience, 
lack of vigilance, inappropriate decisions, and inadequate 
supervision, as well as emergency conditions and ineffec- 
tive communication. Suggested corrective strategies include 
additional training, quality assurance activity, providing clini- 
cal practice guidelines for perioperative fluid management, 
improved supervision, and improvement of communication 
among surgical personnel. 

There were some limitations of this study. First, this 
study was retrospective; therefore, some information could 
be missing. Second, we did not focus on types of fluid given, 
for example, colloid, crystalloid or blood components. These 
could have had effects on the amount of fluid administration. 
For example, colloid solutions are retained in the intravas- 
cular space longer and maintain oncotic pressure better than 
crystalloid solutions. This was an observational study, hence, 
there could be some unknown confounding factors that might 
affect cardiovascular complications. Randomized controlled 
trials should be conducted to compare the effect of restrictive 
versus liberal fluid administration on the incidence of cardio- 
vascular complications after thoracic surgery. Nevertheless, 
the author realizes that intraoperative fluid management is 
an anesthetic-related factor and probably a modifiable risk 
factor. Further study is required to answer this hypothesis. 
Lastly, this study was conducted in a single center. The 
experience and practices of an individual surgical team in 
one center might be different from others. Large multicenter 
studies are needed in the future to ensure sufficient statistical 
power to confirm the effect of this potential risk factor on 
cardiovascular complications. 

Conclusion 

We found the incidence of cardiovascular complications 
after thoracotomy in noncancer lesions to be 6.7% and 
that PFB >2,000 mL was an independent risk factor for 
cardiovascular complications. Proper preoperative blood 
and blood product preparation and the use of proper 
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hemodynamic monitoring should be among the main 
strategies utilized during anesthetic management of high 
risk surgery. An adjusted dose of local anesthetic for thoracic 
epidural analgesia during the intraoperative period should be 
considered to minimize intraoperative hypotension. In addi- 
tion, effective corrective strategies to improve trainee perfor- 
mance should be deployed. These include clinical practice 
guidelines, additional training, and improved supervision. 
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